Background: Although delayed onset of the deep abdominal muscles activity in subjects with 2 non-specific chronic low back pain (CLBP) has been suggested to be related to trunk 3 rotational torque, no study has examined the onsets associated with non-specific CLBP during 4 a variety of tasks with different trunk rotational torque. The aim of this study is to compare the 5 onsets of deep abdominal muscles activity among tasks with different trunk rotational torques 6 in subjects with and without non-specific CLBP. 7 Methods: Twelve subjects with non-specific CLBP and 13 control subjects were included. 8 They performed 8 types of upper limb movements. The onsets of muscular activity of bilateral 9 internal oblique-transversus abdominis (IO-TrA) and trunk rotational torque due to the upper 10 limb movements were measured using a surface electromyography and a three-dimensional 11 motion analysis system. 12 Results: In non-specific CLBP group, right IO-TrA activities were significantly delayed 13 during tasks with left trunk rotational torque compared with the control (P < 0.05), while 14 onsets of the left IO-TrA activities were significantly later than those of the control during 15 tasks with right rotational torque of the trunk (P < 0.05). There were no significant differences 16 in onsets of both sides IO-TrA during tasks without trunk rotational torque between 17 non-specific CLBP and control groups (P > 0.05). 18 Conclusions: The onsets of IO-TrA activities in subjects with non-specific CLBP were 19 4 delayed during tasks with rotational torque of the trunk in the opposite direction, suggesting a 20 possibility that delayed onset of the deep abdominal muscles during rotational torque of the 21 trunk might be etiology of chronic low back pain. 22
Introduction
23 Non-specific low back pain with no identifiable underlying pathology accounts for 24 90% of cases of low back pain [1] . Patients with non-specific acute low back pain demonstrate 25 a favorable improvement rate in the first six weeks [2] , but approximately 40% of patients will 26 develop non-specific chronic low back pain (CLBP) [3] . One proposed mechanism for 27 non-specific CLBP is instability of the spine due to the lack of neuromuscular control [4] . 28 The deep abdominal muscles play an important role in lumbopelvic stability [5] . 29 Several studies indicated that the onsets of transversus abdominis activities in response to 30 movements with rotational torque of the trunk were prior to those of other trunk muscles [6, 7, 31 8]. Early activation of the deep abdominal muscles is therefore considered to contribute to the 32 control of spinal stiffness [7, 9] . Dysfunction of the deep abdominal muscles activities could 33 contribute to persistence of low back pain [10] . 34 The onset latency of deep abdominal muscles in rapid movements was delayed in 35 subjects with non-specific CLBP compared to healthy subjects [6, 8] . On the other hand, there 36 were no significant differences in onsets of transversus fibers of the internal oblique and 37 transversus abdominis (IO-TrA) activation during bilateral shoulder flexion between healthy 38 individuals and subjects with non-specific CLBP [11] . Therefore, we hypothesized that the 39 delay of the onset of the deep abdominal muscles would be related to the magnitude of trunk 40 rotational torque during limb movement in subjects with non-specific CLBP and that the 41 6 delayed onsets of the deep abdominal muscles in response to movements with rotational 42 torque of the trunk might be etiology of CLBP. The purpose of the present study was to 43 compare the onsets of deep abdominal muscles activities among tasks with different rotational 44 torque in the subjects with and without non-specific CLBP. Twelve subjects with non-specific CLBP and 13 healthy control individuals 49 participated in this study. All subjects were recruited in our University thorough advertisement. 50 Non-specific CLBP was defined as pain and discomfort localized between the 12th rib and the 51 inferior gluteal folds for at least 3 months. Subjects with non-specific CLBP were excluded if 52 they had neurologic symptoms, spinal and abdominal surgery in the past 12 months, 53 pregnancy, observable spinal deformity (e.g., scoliosis or kyphosis) and suspected or 54 diagnosed serious spine pathology. Subjects reported minimal or no pain at the time of testing. 55 All participants provided informed consent and completed the Oswestry disability index 56 (ODI). A visual analogue scale was used to characterize their pain. Descriptive statistics for 57 the two groups are reported in Table 1 . There were no differences in age, height, weight, and 58 BMI between groups. This research has been approved by the Institutional Review Board of 59 the authors' affiliated institutions. was on the speed of limb movement rather than the accuracy of the angle. The order of each 74 upper limb movement was randomized for each subject. Participants had 3-5 practice trials for 75 each task prior to the measurements. The raw EMG signals were band-pass filtered at 20-500 Hz, full-wave rectified, and 94 filtered using a fourth-order Butterworth low-pass filter with a cut off of 10 Hz. Following 95 data reduction, the onsets of EMG signals were identified using MATLAB software (The 96 MathWorks, Natick, MA, USA) as the point at which the rectified EMG signal first rose 97 above baseline by 1 standard deviation (SD) and lasted for at least 50 msec [11] . The baseline 98 9 activity was defined as the average of the 500 msec period preceding the beep signal. In 99 addition, each onset of EMG signal was confirmed visually [15] . Onset of IO-TrA activity was 100 expressed relative to the onset of deltoid EMG signal (t=0) (Fig. 2) . For BE and BF, the 101 ipsilateral anterior or posterior deltoid onset was determined as t=0 [11] . For the other six 102 tasks, the onset of activity of the anterior deltoid on the flexing side was established as t=0 103 [12] . 104 Each marker trajectory was filtered using a fourth-order Butterworth low-pass filter 105 at 12 Hz. Kinematic data were condensed to two-dimensional coordinates in the sagittal plane. 106 Joint reaction forces at the shoulder joint were estimated using free-body diagram force 107 analysis [16] . Trunk rotational torque around a midpoint of the bilateral acromia was 108 calculated from transversus components of the shoulder joint reaction forces. The trunk 109 rotational torque was normalized to body weight for each subject (Nm/kg). The peak 110 rotational torque was determined for analysis of maximum torque during the acceleration 111 phase, defined as the duration from when the angular acceleration at the shoulder first rose 112 above baseline by 2 SD and stayed above this level for 20 msec, to the instant when the 113 angular acceleration crossed the zero line [17]. In addition, peak shoulder angle and peak 114 shoulder angular velocity were calculated during each task. A priori power analysis was performed in G-power 3.1. The sample size was 118 estimated from a pilot study we carried out with 8 subjects (4 subjects with non-specific 119 CLBP and 4 healthy control individuals), for a calculated effect size of partial η2 = 0.472. 120 We performed the power analysis using F-test model of G*Power 3.1. Eleven subjects in 121 each group were deemed sufficient to detect significant differences in the onset of right 122 IO-TrA between groups with a power (1-β) of 0.8..
123
Unpaired t-tests were used to examine differences in age, height, weight, body mass 124 index (BMI), peak shoulder angle, and peak shoulder angular velocity between the 125 non-specific CLBP and control groups. The effects of group factor (non-specific CLBP and 
Results

133
There was a significant task effect on the peak rotational torque (P < 0.05, [effect size 134 (ES) = 0.96]), but ANOVA did not detect a significant group effect ( Fig. 3 ). LERE and LFRF 135 were the smallest and were not significantly different from each other ( Fig. 3 ). WLFRE and 136 11 LFRE were not significantly different, nor were LERF and WLERF ( Fig. 3 ). On the other 137 hand, LERF and WLERF produced significantly greater amounts of peak rotational torques 138 than RF (P < 0.05, [ES = 1.51]) ( Fig. 3 ). WLFRE and LFRE caused greater peak rotational 139 torques than LF (P < 0.05, [ES = 2.09]) ( Fig. 3 ). RF and LF produced greater absolute peak 140 rotational torques than LERE and LFRF (P < 0.05, [ES = 4.28 -4.58]) (Fig. 3) . The peak left 141 shoulder angle in LFRF and WLERF were significantly different between groups but there 142 were no significant differences of shoulder angle in other tasks (Table 2 ). There were no 143 significant differences of peak shoulder angular velocity in all tasks as well as peak rotational 144 torque ( Table 2) CLBP is also specific to the direction. 221 In this study, there were significant differences of left shoulder angle in LFRF and 222 WLERF. However, there were no significant differences of left shoulder angle in WFRE, 223 LFRE and LF which had the significant delayed onset of right IO-TrA activity. The onsets of 224 IO-TrA activity delayed in non-specific CLBP group were observed during tasks which had no 225 significant differences of shoulder angle between groups. Therefore, these significant 226 differences of left shoulder angle would have little effect on the results in this study. 227 There were limitations to this study. First, EMG recordings were made from the 228 surface EMG system, and this system may pick up other muscular activity. However, a 229 previous study showed that the use of surface EMG to measure IO-TrA activity could acquire 230 data independent of other trunk muscle activity [13] . Second, we hypothesized from a 231 16 previous study that WLERF and WLFRE had increased trunk rotational torque compared with 232 other tasks [12] . However, there were nonsignificant differences between peak rotational 233 torque in WLFRE and LFRE as well as in LERF and WLERF. In this study, the acceleration 234 of the center of mass in each segment was used for calculation of trunk rotational torque. In a 235 later analysis, we clarified that accelerations of the forearm and hand in WLFRE and WLERF 236 were significantly decreased compared with LFRE and LERF. The nonsignificant findings of 237 peak rotational torque could be explained by the delayed accelerations of the forearm and 238 hand in WLFRE and WLERF with a 1 kg weight. Third, the subjects with non-specific CLBP 239 in this study had relatively mild symptoms. The average ODI score in Japanese people in their 240 20s who have low back pain who were unable to engage in routine work was reported to be 241 15.86 [24] . In this study, which recruited subjects in a similar generation, the average ODI 242 score was 13.0 (SD 6.6). In other words, the subjects in our non-specific CLBP group would 243 be regarded as having mild non-specific CLBP. Therefore, the results of this study may be 244 generalizable to subjects with mild non-specific CLBP and may be related to aggravation of 245 non-specific CLBP. Values expressed as mean (standard deviation). 9 * indicates significant difference in peak shoulder angle between groups.
